Search for new physics in heavy quark decays at LHCb  by Vazquez Gomez, Ricardo
Heavy quark decays are an excellent laboratory to search for physics beyond the Standard Model. The LHCb detector
is specially design to measure CP violation parameters and rare decays processes involving decays containing b− or
c− quarks. In this paper, recent LHCb measurements concerning CP violation parameters in the B0s and charm sector,
as well as measurements of rare b→ sl+l− transitions, are presented.
1. Introduction
The LHCb detector [1] is a single-arm forward spec-
trometer covering the pseudorapidity range 2 < η < 5,
designed for the study of particles containing b− or
c− quarks. In the LHCb experiment measurements
of beyond the Standard Model (SM) eﬀects can be
perform through precise measurement of the Cabibbo-
Kobayashi-Maskawa (CKM) matrix parameters and
by the study of Flavour Changing Neutral Currents
(FCNC). These searches are complementary to the di-
rect searches performed by the general purpose exper-
iments. The CKM parameters, angles and sides of the
unitary triangles, are measured in diﬀerent and indepen-
dent ways to ﬁnd inconsistencies that would reveal the
presence of physics beyond the SM. FCNC are forbid-
den at tree-level in the SM, so they can only be produced
through loops. New particles can contribute virtually
to the loop, modifying the amplitude of the process or
the Lorentz structure of the decay vertex. A deviation
from the SM prediction on branching fractions or angu-
lar distributions of the decays can lead to the discovery
of physics beyond the SM. During the 2011 data tak-
ing period, 1.0 fb−1 of data was recorded at the LHCb
experiment at a centre-of-mass energy of 7 TeV.
φs = arg(Ms12/Γ
s
12), where M
s
12 and Γ
s
12 are the oﬀ-
diagonal matrix elements of the 2 × 2 mass and decay
matrices of the Bs − Bs oscillation. The SM prediction
of φS Ms = (−36.7 ± 1.7)mrad [2], has a small central
value and theoretical uncertainty. This makes the mea-
surement of this parameter of special interest, as larger
values of φs would be a sign of physics beyond the SM.
At LHCb, several independent measurements have been
performed to constrain the value of φs.
Using the full 2011 data sample, the
B0s → J/ψφ decay was studied, yielding a value of
φ
J/ψφ
s = (−1 ± 101(stat.) ± 27(syst.))mrad [3].
With 0.41 fb−1 of the 2011 data sample, the CP-odd
eigenstate B0s → J/ψ f0(980) where f0(980)→ π+π−
has been studied, providing a compatible result of
φ
J/ψ f0(980)
s = (440 ± 440(stat.) ± 20(syst.))mrad [4]. En-
larging the invariant-mass window range of the di-pion
system, more data can become accessible. In the mass
range 775 < m(π+π−) < 1550MeV, the B0s → J/ψπ+π−
decay is almost a purely CP-odd eigenstate [5], which
makes the angular analysis of the decay unnecessary.
The CP-odd fraction of the decay is larger than 97.7%
at 95%C.L. The value of the φs phase in this decay
using the full 2011 data sample has been found to be
φ
J/ψπ+π−
s = (−19 ± 174(stat.) ± 4(syst.)) mrad [6].
The three measurements are consistent with each
other and with the SM prediction, and their combina-
tion yields
Abstract
2. CP violation parameters
2.1. B0s system
The mixing-induced CP violation in the B0s sys-
tem is governed by the parameter φs, deﬁned as
φLHCbs = (−2 ± 83(stat.) ± 27(syst.))mrad , (1)
providing the most precise measurement of φs, which
is consistent with the SM prediction. The HFAG col-
laboration has performed the combination of the LHCb
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results with previous measurements of CDF and D0 in
the (φccss ,ΔΓs) plane, as well as the SM model predic-
tion is shown if Fig. 1. The combined result, dominated
by the LHCb measurement, is consistent with the SM
prediction at the 0.8σ level [7].
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Figure 1: Combination of LHCb, CDF and D0 measurements in the (φccss ,ΔΓs)
plane. The contour lines shows the diﬀerent 68% conﬁdence-level intervals
from the measurements. The combined contour is represented by a shaded area.
The SM prediction is also represented.
In order to increase the precision of the φs determina-
tion, more decays can be used. A particularly interest-
ing one is the B0s → ψ(2S )φ decay, where the J/ψ state
has been substituted by the ψ(2S ) state. Firstly, a pre-
cise determination of its branching fraction is needed.
Using 0.37 fb−1 of the 2011 data sample, the ratio of
branching fractions between the decays B0s → ψ(2S )φ
and B0s → J/ψφ has been measured to be [8]
B0s → ψ(2S )φ
B0s → J/ψφ
= 0.489 ± 0.026(stat.)±
± 0.021(syst.) ± 0.012(Rψ) , (2)
where the ﬁrst uncertainty is statistical, the second is
systematic and the third comes from the uncertainty on
Rψ = B(J/ψ→ μ+μ−)/B(ψ(2S )→ μ+μ−).
2.2. Charm system
DirectCP violation occurs when the decay rate from the
initial state D or D to a common ﬁnal state f is diﬀerent.
Then, a CP asymmetry can be deﬁned in terms of the
decay rates as
ACP( f ) =
Γ(D→ f ) − Γ(D→ f )
Γ(D→ f ) + Γ(D→ f ) . (3)
For the charm sector, the SM predictions of direct CP
violation are O(10−3), but beyond the SM scenarios pre-
dict that direct CP violation can be as large as O(10−2).
Therefore, precise measurements of this quantity can re-
veal the presence of new physics. At LHCb, two diﬀer-
ent decay modes have been studied, D0 → π+π− and
D0 → K+K−. These decays have been reconstructed
using the self-tagged decay D∗+ → D0( f )π+s , where
the charge of the slow pion π+s uniquely determines the
ﬂavour of the D meson. The measuredCP asymmetry is
deﬁned as
ArawCP ( f ) =
N(D→ f ) − N(D→ f )
N(D→ f ) + N(D→ f ) , (4)
where N(X) is the number of candidates of the X decay.
ArawCP is related to the physical CP asymmetry, ACP( f ),
through
ArawCP ( f ) = ACP( f ) + AP(D
∗+) + AD( f ) + AD(π+s ) , (5)
where AP(D∗+) is the production asymmetry of the D∗+
mesons and, AD( f ) and AD(π+s ) are the detection asym-
metries of the ﬁnal state f and the slow pion, respec-
tively. The ﬁrst term arises due to the fact that, in a
pp collider, D∗+ and D∗− may be produced at diﬀerent
rates. The last two terms appear due to the diﬀerent
interaction of particles and anti-particles in the detec-
tor. The detection asymmetry of the ﬁnal state f is zero
for self-conjugated charged states. Moreover, the raw
asymmetry diﬀerence of the π+π− and K+K− ﬁnal states
is equal to the diﬀerence of physical CP-asymmetries,
as the slow pion asymmetry and D∗+ meson production
asymmetry cancel out. This diﬀerence can be deﬁned as
ΔACP = ArawCP (K
+K−) − ArawCP (π+π−)
= ACP(K+K−) − ACP(π+π−) . (6)
LHCb has measured this quantity to be
ΔACP = (−0.82 ± 0.21(stat.) ± 0.11(syst.))% , (7)
where the ﬁrst uncertainty is statistical and the second
is systematic [9]. This provides the ﬁrst evidence of CP
violation in the charm sector with a statistical signiﬁ-
cance of 3.5σ with respect to zero CP asymmetry. Fig-
ure 2 shows the combination of the LHCb and previous
measurements in the (ΔadirCP, a
ind
CP) plane.
The combined deviation from the SM prediction has
a signiﬁcance of 3.8σ.
3. Rare decay processes
3.1. B0s → μ+μ− and B0 → μ+μ−
The branching fraction of the B0s → μ+μ− and
B0 → μ+μ− decays are predicted to be (3.2±0.2)×10−9
and (0.10 ± 0.01) × 10−9, respectively [10]. Having a
small theoretical uncertainty in their branching fraction
prediction makes these two decays a perfect test of the
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Figure 2: Combination of ΔACP measurements in the charm sector in the
(ΔadirCP, a
ind
CP) plane. The colour bands represent the 68% conﬁdence-level in-
terval of each measurement. The combination of the individual measurements
is represented as a black cross with the 68%, 95% and 99% conﬁdence-level
contours. The SM model prediction is depicted as a black point close to (0,0).
SM, as enhancements up to an order of magnitude are
predicted in some scenarios beyond the SM.
With the full 2011 data sample, LHCb has measured
the branching fraction of these two decays to be [11]
B(B0s → μ+μ−) < 4.5 × 10−9 at 95%C.L. (8)
B(B0 → μ+μ−) < 1.0 × 10−9 at 95%C.L. , (9)
which are the most stringent upper limits on these de-
cays to date.
3.2. Angular analysis of B0 → K∗0μ+μ−
The angular analysis of the B0 → K∗0μ+μ− decay de-
pends on several complex q2-dependent parameters that
are precisely determined in the SM [12]. LHCb has
measured: AFB, FL, S 3 and S 9 as a function of the
di-muon invariant-mass squared q2, using the full 2011
data sample [13]. Figures 3−6, show the LHCb results
with the SM prediction superimposed, except for S 9
where the SM prediction is O(10−3). These are the most
precise measurement of these quantities to date and no
deviations from the SM predictions are seen.
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Figure 3: Forward-backward asymmetry (AFB) of the di-muon pair as a func-
tion of q2 for the B0 → K∗0μ+μ− decay.
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Figure 4: Fraction of longitudinally polarised K∗0 (FL) as a function of q2 for
the B0 → K∗0μ+μ− decay.
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Figure 5: Transverse polarisation asymmetry on K∗0 (S 3) as a function of q2
for the B0 → K∗0μ+μ− decay.
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Figure 6: CP average (S 9) as a function of q2 for the B0 → K∗0μ+μ− decay.
The forward-backward asymmetry (AFB) of this de-
cay is of particular interest. In the SM, this asymme-
try changes sign at a well predicted q2 value, the so-
called zero-crossing point (q20), which lies in the range
[4.0 < q20 < 4.3GeV
2/c4] [14–16]. LHCb has mea-
sured, for the ﬁrst time, the zero-crossing point of AFB
to be [17]
q20 = 4.9
+1.1
−1.3 GeV
2/c4 , (10)
which is in excellent agreement with the SM predic-
tions. Figure 7 shows the forward-backward asymme-
try in the low q2 region, with the LHCb measurement of
the zero-crossing point and the SM prediction superim-
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Figure 7: Forward-backward asymmetry as a function of q2 on the
B0 → K∗0μ+μ− decay. The red-shaded region represents the 68% conﬁdence-
level interval of the zero-crossing point measurement by LHCb.
3.3. Isospin asymmetry on B→ K(∗)μ+μ−
The isospin asymmetry of the decays B → Kμ+μ− and
B→ K∗μ+μ− is deﬁned as
AI =
B(B0 → K(∗)0μ+μ−) − τ0
τ+
B(B+ → K(∗)+μ+μ−)
B(B0 → K(∗)0μ+μ−) + τ0
τ+
B(B+ → K(∗)+μ+μ−) ,
(11)
where τ0/τ+ is the ratio of lifetimes of the B0 and B+
mesons and B(B → f ) is the branching fraction of the
B→ f decay. For the B → K∗μ+μ− system, the SM
predicts this asymmetry to be of O(−1%) [18] at low q2
values but away from q2 = 0. For the B → Kμ+μ−
system, there is no precise prediction of AI , but it is
expected to be close to zero. Using the full 2011 data
sample, LHCb has measured the isospin asymmetry
for the B → Kμ+μ− and B → K∗μ+μ− systems [17].
Figures 8 and 9, show the measured isospin asymmetry
as a function of q2.
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Figure 8: Isospin asymmetry as a function of q2 on the B → K∗μ+μ− system.
The theoretical prediction (blue line) is superimposed.
For the B → K∗μ+μ− system, the experimental mea-
surement and the theoretical prediction are in perfect
agreement. For the B → Kμ+μ− system, the combined
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Figure 9: Isospin asymmetry as a function of q2 on the B→ Kμ+μ− system
deviation from zero is measured yielding a 4.4σ signif-
icance diﬀerence, in agreement with the result reported
by the Belle collaboration [19]. A precise SM predic-
tion is needed to reveal whether this deviation can be
accommodated in the SM or is a beyond the SM eﬀect.
4. Conclusions
Using the pp collision data taken in 2011 at a centre-
of-mass energy of
√
s = 7TeV, the LHCb collabora-
tion have performed the most precise measurements in
many observables concerning CP violation parameters
and FCNC processes. All of the measurements are com-
patible with the Standard Model predictions, and place
stringent limits on beyond the Standard Model physics.
The ﬁrst evidence of CP violation in the charm sector
has been measured with a signiﬁcance of 3.5σ. The
isospin asymmetry in the B → Kμ+μ− system deviates
from zero with a signiﬁcance of 4.4σ. Precise theoret-
ical calculations are needed in order to interpret these
results.
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